The effect of artificial pneumothorax on cardiac output in animals has been studied by several investigators. Dogs have not been suitable as experimental animals because of the ffimsy and often perforated mediastinum. In both the rabbit and the goat the mediastinum is intact, but the goat is the more satisfactory because of its size, larger blood volume, and the apparent similarity of its mediastinum to that of man. Among the recent work on the subject is that of Hilton (1) . He selected goats as experimental animals and made use of the Fick principle for estimation of cardiac output. He found that a small unilateral pneumothorax gave rise to a slight increase in cardiac output but that a unilateral pneumothorax of moderate size resulted in a reduction in cardiac output of about 30 per cent. He suggested on the one hand that the initial increase in cardiac output was caused by the increased inspiratory efforts and probably anoxemia, and on the other that the decrease after induction of larger pneumothorax was due to diminished mechanical efficiency of breathing and consequent interference with the venous return to the heart. Several reports have been made on the effect that pneumothorax has on cardiac output in man. The subjects for most of these investigations have been patients suffering from parenchymal pulmonary disease, usually pulmonary tuberculosis. Richards, Riley, and Hiscock (2) studied three young men exhibiting unilateral pulmonary tuberculosis before and after the induction of unilateral pneumothorax. In measuring cardiac output they used a method employing the Fick principle. In all three patients they observed fall in level of cardiac output on institution of unilateral pneumothorax.
Cournand, Bryan, and Richards (3) used a method similar to the one employed by Richards, Riley, and Hiscock (2) but exercised particular care in securing the venous and arterial carbon dioxide values. They made measurements of cardiac output when the lungs were expanded as well as during various stages of collapse in three patients suffering from pulmonary tuberculosis, in one having a lung abscess and in two exhibiting spontaneous pneumothorax. In three instances unilateral pneumothorax was associated with substantial decrease in cardiac output. In the remaining three cases, however, there was no consistent relation between the cardiac output and the degree of collapse. Since, however, the two cases of spontaneous pneumothorax were not studied after the lungs had completely re-expanded, control levels were not obtained in them. They inferred that in unilateral pneumothorax there was a tendency to diminished cardiac output which might be marked, slight, or absent. They suggested that pulmonary blood flow might be related more to the degree of ventilation of the collapsed lung than to the degree of collapse and that the motion of the diaphragm might have an important influence. Nylin (4) used the acetylene method of Grollman in studying two cases both before and at intervals during the collapse of one lung by induced unilateral pneumothorax. Both While the patient was at rest the cardiac rate was counted at intervals of five minutes. At the end of one hour the acetylene-air-oxygen mixture was rebreathed. Three samples of gas were taken during each rebreathing period for estimation of the arteriovenous oxygen difference. The first sample was taken after rebreathing ten to twelve times in twenty seconds, the second after two to three breaths more, and the third after two to three additional breaths. All three samples were usually obtained before the end of thirty seconds. Samples were taken during expiration. Two periods of rebreathing were carried out on each patient. Shortly afterwards the oxygen consumption was measured with a Benedict-Roth spirometer. After a short pause, the vital capacity was measured and height and weight determined. In succession, sufficient time being allowed between each procedure for the patient to return to a basal metabolic state, an electrocardiogram including a chest lead was taken, the arm-to-tongue circulation time recorded, the venous pressure estimated, and the blood pressure measured. Finally, the basal state still being maintained, a roentgenogram of the heart was made at a distance of two meters. The percentage of collapse of the lung was estimated by measuring with a planimeter the area of the shadow of the collapsed lung on the roentgenogram and the area of that part of the chest cavity normally filled by the lung when expanded. We realized that this method of estimating percentage collapse of the lung was not exact since it did not take into account the changes in the other planes. It was considered satisfactory, however, for a rough correlation. The three standard leads of the electrocardiogram were taken in each instance, and also in the case of H. H. and H. G. electrocardiograms were recorded with the patient supine, lying on the right side and lying on the left side, in order to calculate the shift of the electrical axis with change in position.
The arm-to-tongue circulation time was estimated by the use of decholin (8) . Five cc. of a 20 per cent solution were injected rapidly (one to two seconds) through an 18 gauge needle into an antecubital vein while the patient was lying quietly in the supine position. This was repeated one and one-half minutes after the response to the first test had been elicited. The time was recorded from the beginning of the injection until the patient perceived the bitter taste.
The venous pressure was measured by the direct method (9), using a large antecubital vein, the arm being placed on a level with the right auricle. The system was filled with normal saline and the venous pressure read directly from a millimeter rule as millimeters of saline. Normal pressures by this method range from 40 to 100 mm. of saline. In subsequent measurements the vein was entered at the site first punctured, the vein of one arm being reserved for measurement of venous pressure, and of the other arm for estimation of the circulation time.
Roentgenograms of the heart were taken with the patient in the standing position, in full inspiration, at a distance of two meters. Measurements of the cardiac area were carried out by the technique of Levy (10) .
In one patient (T. C.) estimations of the oxygen content of the blood were made. Samples of arterial blood were taken under albolene from a radial or brachial artery, and of venous blood, without stasis, from an antecubital vein, the same vein being used for this purpose each time. The oxygen content of these samples was estimated by the Van Slyke and Neill manometric method (11) . Samples of blood were taken in the morning before breakfast with the patient in a basal metabolic state.
OBSERVATIONS
The data are recorded in Table I . Case H. H. was studied first when he showed 77 per cent collapse of the right lung, again when there was 34 per cent collapse, and finally after complete expansion (Table I) 3 .59 liters per minute with 14 per cent collapse and then decreased to 3.12 liters per minute after the pneumothorax had disappeared. Unlike the other patients this case achieved his largest cardiac output while there was partial collapse of one lung. Arteriovenous oxygen difference also was lowest at the time of 14 per cent collapse of one lung. The arm-to-tongue circulation time did not vary appreciably. The venous pressure showed a moderate increase but remained within normal limits. The roentgenogram showed the pneumothorax on the right and a slight shift of the heart to the left that disappeared as the lung expanded. The vital capacity increased from 2000 cc. to 3200 cc. and finally to 3600 cc. Electrocardiograms consisting of the three standard leads and a chest lead showed a slight shift of the electrical axis to the right and a slight increase in the amplitude of the T-wave in the chest lead as the heart resumed its normal position.
Case T. The arm-to-tongue circulation time decreased slightly and then increased as the pneumothorax decreased but stayed within normal limits. The venous pressure was definitely elevated at the time of 57 per cent collapse but showed a substantial fall at each of the subsequent examinations. The roentgenogram showed a slight shift of the heart to the left at the time of maximum collapse but it was seen to be in normal position as pneumothorax decreased. The vital capacity increased from 2600 cc., to 3000 cc., and finally to 4200 cc. Electrocardiograms consisting of the three standard leads and a chest lead showed a slight shift of the electrical axis to the left as the heart returned to its normal position with expansion of the lung.
DISCUSSION
The decrease in cardiac output for individual patients showed no close correlation with the amount of pneumothorax. Two patients showed a moderate decrease in the presence of unilateral collapse; another achieved a larger cardiac output with a small pneumothorax than was present either in the control period or with greater collapse; yet another patient attained a smaller cardiac output with a moderate collapse than when there was more extensive pneumothorax. In all patients the basal metabolic rate was normal but on the low side of normal. In two patients (T. C. and H. G.) it changed only slightly as percentage collapse decreased. Case F. H., however, exhibited a fall from -2 per cent to -10 per cent to -17 per cent as the lung expanded; and Case H. H. showed a decrease in the basal metabolic rate from -9 per cent to -15 per cent. This change in the basal metabolic rate paralleled the slowing of the heart rate which occurred in these two cases. The fall in basal metabolic rate in these last two cases (F. H. and H.H.) accounted to some extent for the absence of a more substantial increase in their cardiac output. Nevertheless when percentage collapse was plotted against per cent of control cardiac output, for all patients, a rough linear correlation was seen, and the slope of the -line was such that the greatest (Table I) . This discloses a correlation which appears to be linear in that, as the amount of collapse increases, the cardiac output and vital capacity decrease. collapse was associated with the lowest cardiac output (Figure 1) (Table II) over what it was after re-expansion of the lung. It was possible for him to maintain his normal range of oxygen utilization during collapse (Table II) .
Although roentgenograms showed slight displacement of the heart to the side opposite the pneumothorax in each case, the electrocardiograms showed no consistent deviation of the electrical axis. Moreover, as the pneumothorax disappeared and the heart returned to normal position, the electrical axis shifted in a direction similar to that of the heart in two cases but in the opposite direction in the other two cases. Rotation of the heart, which could not be demonstrated on anteroposterior roentgenograms, doubtless accounted for this inconsistency.
In 3. The decrease in vital capacity bears a linear relation to the per cent collapse of the lung.
4. Since unilateral collapse of a lung usually results in decrease in the volume of blood expelled by the heart per minute, the institution of this procedure should be considered carefully before it is undertaken in subjects suffering from lesions which may themselves be associated also with decrease in output. This precaution is necessary in order to avoid an accumulated reduction in cardiac output.
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